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This invention relates generally to modulation of elec-
tromagnetic radiation in a solid state device, and it re-
lates more particularly to stress modulation of recombina-
tion radiation in a regicn of a semiconductor element
through which it is propagating.

The art of solid-state devices for producing optical en-
ergy is developing at a rapid pace. There is need for
a technique for readily modulating such optical energy.
This invention provides such a technique.

In the practice of this invention, modulation of elec-
tromagnetic radiation is obtained selectively by stressing
elastically a region of a semiconductor element through
which it is propagating. An explanation of the opera-
tion of the invention is postulated on the basis of the
band theory of the energy structure of semiconductor
crystals. Analysis of the data from one class of prior art
experiments reveals that stress applied to a region of a
semiconductor element changes the width of its forbidden
band. Analysis of the data from another class of prior
art experiments reveals that the degree of absorption of
electromagnetic radiation in a region of a semiconductor
element through which it is propagating is related to the
width of its forbidden band. Accordingly, it is believed
that stress applied to a region of a semiconductor ele-
ment in accordance with this invention changes the de-
gree of absorption of electromagnetic radiation propagat-
ing therein. There is a larger probability that a quantum
of light will be absorbed in a semiconductor crystal whose
forbidden band width is smaller than the energy of the
quantum than if it is larger. Illustratively, if the applica-
tion of stress to a semiconductor element causes absorp-
tion of light which would otherwise have passed through,
the stress is conmsidered to have made the width of
the forbidden emergy band smaller than it was in the
absence of the stress, and vice-versa.

Certain prior art experiments have provided evidence
that highly efficient recombination radiation is obtainable
from certain gallium-arsenide, GaAs, junctions. In view
of the band theory of the energy structure of semicon-
ductor crystals, it is believed that the source of the ra-
diation is within the forbidden band where there is a
donor impurity level close to the edge of the conduction
band and an acceptor impurity level close to the edge of
the valence band. As the bulk of the gallium-arsenide
semiconductor crystal through which the recombination
radiation propagates to the surface does not have these
levels, it is believed that the width of the forbidden band
therein is too large for significant attenuation of the radi-
ation.

The noted band theory of the energy structure of semi-
conductor crystals contemplates a forbidden energy band
within each crystal between a valence energy band and
a conduction energy band. These bands are indicative
of the available energy states for electrons. However, they
do not indicate whether electrons of these energies are
present. The probability for an electron with a given en-
ergy being in a particular state is related to the nature of
the crystal and its temperature.

A junction is established in a semiconductor crystal in
a planar region thereof if there is a relative concentra-
tion of n-type donor impurity atoms on one side of the
plane and there is a relative concentration of p-type ac-
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ceptor impurity atoms on the other side of the plane. Con-
duction of electrons and holes occurs across a semicon-
ductor junction as result of an application of an external
potential. When the polarity of the applied potential is
such as to reduce the barrier potential established by the
junction itself, the conduction is relatively high, and vice-
versa. Whenever charge conduction occurs across a semi-
conductor junction, energy is liberated as result of the
process. The energy may be manifested as heat energy
in the form of electron and crystal lattice motion or
it may be manifested as recombination radiation. Gen-
erally, a quantum of the recombination radiation pos-
sesses an energy equal to the energy spacing between
the electron and hole which recombined. Under some cir-
cumstances, some of the energy will be dissipated as heat
and the quantum will to that extent have less energy.

This invention is utilized advantageously for modulat-
ing the collector current of an electro-optical transistor.
The prior art electro-optical transistor described herein
is described and claimed by the inventors thereof in the
heterojunction form in U.S. patent application Ser. No.
237,501 by F. Fang et al, filed Nov. 14, 1962, and in
the homojunction form in U.S. patent application Ser.
No. 239,434 by R. F. Rutz, filed Nov. 23, 1962; these pat-
ent applications are assigned to the assignee hereof. Such
a transistor utilizes photon injection to the collector junc-
tion. Electron-hole pairs are produced at the junction by
absorption of the photons and are separated by the elec-
tric field thereat, under the force of applied potential. The
photons are generated by recombination of electron-hole
pairs at ancther junction in the transistor. In the practice
of this invention, a region of the transistor in which the
photons are propagating, is selectively stressed elastically,
thereby modulating the collector current.

The following reference presents background informa-
tion on the relationship between applied stress and the
nature of the forbidden band in a semiconductor material:

“Band Structure of the Intermetallic Semiconductor
From Pressure FExperiments,” W. Paul, Journal of
Applied Physics, Supplement to vol. 32, No. 10, October
1961, pp. 2082-2094.

The following references present background informa-
tion on the relationship between recombination radiation
at a semiconductor junction and the nature of the forbid-
den energy band in the semiconductor:

(2) “Injection Luminescence From Gallium Arsenide,”
J. I. Pankove and M. J. Massoulie, Bulletin of the Amer-
ican Physical Society, vol. 7, January 1962, p. 88.

(b) “Recombination Radiation Emitted by Gallium
Arsenide,” R. J. Keyes and T. M. Quist, Proceedings of
the IRE, vol. 50, August 1962, pp. 1822-1823.

A background text of general interest is “Photoconduc-
tivity in the Elements,” T. S. Moss, Academic Press, Inc.,
1952.

It is a primary object of this invention to provide ap-
paratus and methed for modulating electromagnetic radia-
tion by selectively stressing elastically a region of a semi-
conductor element through which it is propagating.

It is a second object of this invention to provide ap-
paratus and method for modulating recombination radia-
tion generated at a junction in a semiconductor element
by selectively stressing elastically an adjacent regicn there-
in through which it is propagating.

Tt is a third object of this invention to provide apparatus
and method for modulating recombination radiation gen-
erated at a p-n junction in a gallium-arsenide semicon-
ductor element by selectively stressing elastically an ad-
jacent region therein through which it is propagating.

It is a fourth object of this invention to provide ap-
paratus and method for modulating recombination radia-
tion generated at a p-n junction in a semiconductor ele-
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ment by selectively stressing elastically a region of the
element near its surface through which the radiation is
propagating,

It is a fifth object of this invention to provide apparatus
and method for selectively absorbing recombination ra-
diation generated at a p-n junction in a semiconductor ele-
ment by selectively stressing elastically an adjacent region
therein. Impurities are selectively established in the adja-
cent region that cause electron-hole pairs generated by the
absorption of the radiation to recombine by radjationless
processes.

It is a sixth object of this invention to provide apparatus
and method for modulating recombination radiation from
a semiconductor element p-n junction by selectively stress-
ing elastically an adjacent region through which it is prop-
agating. Impurities are established in the adjacent region
with levels within the forbidden band which are somewhat
farther from the band edges than the the comparable levels
within the forbidden band at the radiating junction, there-
by reducing absorption of radiation propagating through
the adjacent region.

It is a seventh object of this invention to provide a trans-
ducer whereby modulated acoustic energy is converted
to modulated optical energy, It is an eighth object of this
invention to provide a transducer in which modulated
acoustic energy is converted to modulated optical energy
by selectively stressing elastically a region in a semicon-
ductor element through which recombination radiation
generated at a p-n junction in the semiconductor is pro-
pagating.

It is a ninth object of this invention to provide a trans-
ducer in which modulated acoustic energy is converted to
modulated optical energy by selectively stressing elastical-
ly a homojunction collector in an electro-optical tran-
sistor.

It is a tenth object of this invention to provide apparatus
and method for modulating collector current of an electro-
optical transistor by selectively stressing elastically a re-
gion therein.

It is an eleventh object of this invention to provide ap-
paratus and method for modulating collector current of
an electro-optical transistor which employs a Ge-GaAs
heterojunction by selectively stressing elastically the re-
gion of the transistor through which photons are propa-
gating to the collector.

It is a twelfth object of this invention to provide ap-
paratus and method for modulating recombination radia-
tion resultant from stimulated emission at a p-n semi-
conductor junction.

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the following
more particular description of preferred embodiments of
the invention, as illustrated in the accompanying draw-
ings.

In the drawings:

FIGURE 1 illustrates apparatus for applying hydraulic
pressure to a region of semiconductor element through
which electromagnetic radiation is propagating.

FIGURE 2 illustrates the energy band structure of a
semiconductor crystal.

FIGURE 3'is a graphical representation of the relation-
ship between the ratio of the intensities of input redia-
tion and output radiation and the width of the forbidden
band of a semiconductor region through which the radia-
tion is propagating,.

FIGURE 4« is a graphical representation of the rela-
tionship between the width of the forbidden band to ap-
plied stress for a class A semiconductor element.

FIGURE 4b is a graphical representation of the rela-
tionship between the width of the forbidden band to ap-
plied stress for a class B semiconductor element.

FIGURE 5¢ illustrates the band structure of an n-type
semiconductor showing the presence of a donor energy
level as result of the presence of donor impurity atoms in
the semiconductor.
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FIGURE 5b illustrates the band structure of a p-type
semiconductor showing the presence of an acceptor ener-
gy level as result of the presence of acceptor impurity
atoms in the semiconductor.

FIGURE 6 illustrates the recombination radiation
emanating from p-n junction in semiconductor element
when the junction is forward biased.

FIGURE 7 is a graphica] representation of the band
structure of a forward biased p-n semiconductor junction
showing the movement of electrons and holes across the
junction.

FIGURE 8 illustrates an electro-optical transistor in
which recombination radiation consisting of photons
which is propagating to the collector junction is modu-
lated by the application of stress to a region in which it is
propagating, thereby modulating the collector current.

FIGURE 9 illustrates a transducer for converting mod-
ulated acoustic energy to modulated optical energy.

FIGURE 10 illustrates a semiconductor element with
bending stress applied thereto, for the purpose of modu-
lating electromagnetic radiation propagating therein.

Generally, the practice of this invention obtains modu-
lation of radiation by selectively stressing elastically a
region of a solid state device through which it is prop-
agating. More particularly, it obtains modulation of
recombination radiation emanating from a p-n junction
in a semiconductor element by selectively stressing elas-
tically an adjacent region therein through which it is
propagating. Specifically, it obtains modulation of re-
combination radiation emanating from a gallium-arsenide
p-n junction in a semiconductor element by selectively
stressing elastically an adjacent region through which
it is propagating.

The general nature of the invention will be understood
through reference to the figures. In FIG. 1 a semicon-
ductor element 18 is established in a chamber 12. A fluid
14 is present in chamber 12. Hydraulic pressure is estab-
lished in fluid 14 of chamber 12 under application of
force F on piston 17. In this manner, a uniform pressure
is established in fluid 14 and a uniform stress applied
to semiconductor element 16. The stress in semiconductor
element 16 is illustrated as stress vectors S applied to
the periphery of imaginary circle 18. Electromagnetic
radiation 20 with quanta 22 is shown propagating into
surface 24 of semiconductor element 10. Electromag-
netic radiation 26 having quanta 28 is shown propagating
from surface 3¢ of semiconductor element 10. The prac-
tice of the invention involves modulation of the output
electromagnetic radiation from semiconductor element
10 by selectively applying force F to piston 17, thereby
altering concomitantly the stress S applied to semicon-
ductor element 16. The physical mechanism whereby the
radiation 2§ is modulated within semiconductor element
10 will be explained in terms of the band theory of the
energy structure of semiconductor crystals.

In FIG. 2 a semiconductor element 19 is shown with
its band structure 32 established within the boundaries
thereof for illustrative purpose. The vertical axis rep-
resents the electron energy E. The band structure in-
cludes a valence band 34, a forbidden band 36, and a
conduction band 38. A Fermi-level ¢, is located within
the forbidden region. The energy gap width of the for-
bidden region is indicated by two-way arrow W. The
functional relationship between the width of the forbid-
den region and the amount of radiation propagating from
surface 30 will be understood through reference to FIG.
3. In FIG. 3, the vertical axis represents the ratio I,/I;
of the intensity I, of the output radiation 26 to the in-
tensity I; of the input radiation 20; and the horizontal
axis is indicative of the width W of the forbidden region,
The curve 40 is a plot of I,/I; vs. W. The exact nature
of the curve 40 for any particular semiconductor element
is readily obtained by conventional experimental tech-
nique. In accordance with FIG. 3, it will be understood-
that there is a threshold width W; of the forbidden band
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below which no radiation is propagated from surface
30 of semiconductor element 10; and a maximum width
Wy, of the forbidden band above which all electromag-
netic radiation 20 propagating into surface 24 of semi-
conductor element 10 propagates from surface 30. It
has been determined that there are two classes A and B
of semiconductor elements in terins of the effect of ap-
plied stress on the width of their respective forbidden
bands. In class A semiconductor elements applied stress
causes the width W of the forbidden region to become
smaller, whereas in class B, semiconductor elements the
applied stress causes the width W of the forbidden region
to become larger. For illustrative purpose, FIG. 4a is a
graph of the width of the forbidden band vs. the applied
stress for class A semiconductors; and FIG. 4b is a graph
of the width of the forbidden band vs. applied stress
for class B semiconductors. In FIG. 4aq, it is seen that the
width W of the forbidden band vs. applied stress S is a
curve which starts on the W axis at a value W; and
terminates at a value Wy, The change in W between W
and W; results from elastic deformation of the crystal.
In FIG. 4b, the curve 44 indicates the effect of stress S
on the width W of the forbidden band in a class B semi-
conductor. It is seen that the initial width W, rises to
a higher value width W, with increased stress. IHustra-
tive of class A semiconductors are aluminum-antimonide,
AlSb, and gallium-phosphide, GaP; and illustrative of
class B semiconductor elements are gallium-arsenide
GaAs, and germanium, Ge. The practice of the inven-
tion as it relates to use of impurity elements to aid
the effect of applied stress on the modulation of electro-
magnetic radiation propagating in a semiconductor ele-
ment will be understood through reference to FIGS. 5a
and Sh which show the effect of the addition of donor
and acceptor elements, respectively. In FIG. 5a, the semi-
conductor element 10 is doped with donor impurity ele-
ments, thereby obtaining an n-type semiconductor. The
band structure is patterned after the illustration of FIG.
2. As result of donor elements in the semiconductor
crystal lattice there is a donor level 46 within the for-
bidden band, and the Fermi-level ¢¢ is raised somewhat
towards the conduction band edge. In FIG. 5b, there is
illustrated the effect of the presence of acceptor impurity
elements in the semiconductor crystal lattice, thereby ob-
taining 2 p-type semiconductor. There is in addition to
the band structure 32 of FIG. 2, an acceptor hole energy
level 48 within the forbidden band. The Fermi-level has
moved somewhat closer to the valance band edge.

FIG. 6 illustrates the generation of recombination
radiation at a p-n junction of a forward biased semicon-
ductor element. A semiconductor element 5@ has a p-type
region 52 and an n-type region 54, with a p-n junction 55
therebetween. The positive terminal of a potential source
V; is shown conmected to the p-type region 52 and its
negative terminal is shown connected to the n-type region
54, thereby forward biasing semiconductor element 5.
An illusirative region 56 of the p-n junction is shown in
¢ircular form. Emanating from region 56 is light 58,
represented by arrows. Stress S applied to n-type region
54 causes modulation of the light 58.

The general nature of the band structure in a semicon-
ductor element 59 (FIG. 6) with p-n junction 55 therein
is illustrated in FIG. 7. Characteristically, electrons flow
from the n-type region to the p-type region as indicated by
arrow 60 and holes flow from the p-type region to the n-
type region as indicated by arrow 62.

FIG. 8 is illustrative of an electro-optical transistor
utilized in the practice of this invention, Transistor 64
has a p-type region 66, n-type region §7 and p-type region
69. Junction 70 is between regions 66 and 7. Junction 71
is between regions 67 and 62. The positive terminal of po-
tential source V; is connected to p-type region 66 and its
negative terminal is connected to ground 72. The negative
terminal of voltage source V; is connected via current me-
ter 73 and load resistor 74 to p-type region 69. Its positive
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terminal is connected to ground. n-Type region 67 is con-
nected to ground. Recombination radiation 76 emanat-
ing from p-n junction 7¢ causes electron-hole pairs at n-p
junction 71. By application of stress S to n-type region
67, the recombination radiation propagating therein is
modulated and the collector current flowing in load re-
sistor 74 as indicated by meter 73 is also modulated.

FIG. 9 illustrates an acoustic-optical transducer in ac-
cordance with this invention. A semiconductor region 19
supported on. support means 79 into which is propagating
electromagnetic radiation 20 with quanta 22 and out of
which is propagating electromagnetic radiation 26 with
quanta 28 is stress S modulated in a region thereof by
acoustic energy 80. As a consequence, the output inten-
sity I, of radiation 28 is modulated by elastic deformation
of semiconductor element 10 in accordance with the
acoustic energy 80. .

FIG. 10 is illustrative of a technique for stress modu-
lating a semiconductor element 18. The element 10 is
shown supported by fulcrums 84 and 86. Stress S is ap-
plied to an opposite surface from the fulcrums to cause
element 18 to have a bending moment. In this manner,
elastic deformation in accordance with the stress S is
applied to semiconductor element 18 to modulate elec-
tromagnetic radiation propagating therein.

The practice of this invention will now be described
with reference to the figures.

In FIG. 1, the electromagnetic radiation entering sur-
face 24 of semiconductor element 16 is modulated there-
in by the application of the stress S. As shown in FIGS.
4a and 4b, the effect of stress is different dependent upon
whether the semiconductor element is class A or Class
B. Since the change in the width W of the forbidden band
of a region of semiconductor element (FIG. 3) changes
the amount of absorption of the electromagnetic radi-
ation propagating therein, inquiry is now made as to the
effect of the stress on both amplitude and frequency of
the output radiation 26. In the event that the incoming
radiation 20 is monochromatic, i.., has a single fre-
quency at junction 55 (FIG. 6), e.g., from stimulated
emission, when the forbidden band width W is made
smaller, the output radiation 28 remains monochromatic
but has a smaller intensity amplitude. Intensity is con-
sidered herein to indicate the energy of electromagnetic
radiation propagating through a unit cross-section. In
the event that the incoming radiation 2¢ is polychromatic,
and if the application of stress S causes the forbidden band
width W to become smaller, the radiation propagating
from surface 30 is changed both as to its intensity ampli-
tude and as to its frequency content. The energy of an elec-
tromagnetic radiation photon is directly proportional to its
frequency. Accordingly, as the width W of the forbidden
band becomes smaller, higher frequencies in the incoming
radiation 29 are preferentially absorbed. Thus, in circum-
stance of polychromatic input radiation 28, the output
radiation 26 has less intensity and its frequency content
distribution is different than that of the incoming radi-
ation. Since stress S is applied to semiconductor element
10 elastically in accordance with this invention, the proc-
ess of making the width W of the forbidden band either
smaller or larger is reversible. With reference to FiG. 3,
graph 49 of I,/I; vs. W may not be linear. A determina-
tion is made by a conventional experimental technique of
the range over which the width W of the forbidden band
is to be varied in accordance with the modulation char-
acteristics desired for the output radiation 26. Since elec-
trons in a semiconductor element will be present in the
available states (FIG. 2) in the band structure in a man-
ner related to the temperature of the element, concern
must be given in the practice of this invention of the tem-
perature of the element. For example, the fluid 14 in
chamber 16 of FIG. 1 may readily be controlled in tem-
perature in accordance with conventional experimental
techniques.
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The apparatus of FIG. 1 whereby stress S is applied to
a semiconductor element is merely exemplary of many
conventional techniques for applying stress to an object.
In all instances where the semiconductor element 10 has
a medium present either on its input surface 24 or its
output surface 30, the optical characteristics of the medi--
um must be selected so that the radiation is propagated
to its objective in accordance with the use of the inven-
tion.

In the practice of this invention, it is sometimes desir-
able to establish certain impurity elements in a region of
a semiconductor which is being selectively stressed elas-
tically: in order to modulate electromagnetic radiation
propagating therein, in accordance with properties of the
impurity elements. With reference to FIGS. 52 and 55,
it is observed that donor energy levels and acceptor
energy levels may be established in the forbidden band
of a semiconductor element by selectively doping the ele-
ment with preferred amounts of n-type and p-type im-
purities. In this manner, there will be present electron
and hole levels to aid in dissipating radiationless proc-
esses rather than recombination radiation, the radiation
which was previously absorbed. Consider the special case
of class B semiconductors in which impurity elements
are preferentially established as described above. In such
a semiconductor, the absorption of electromagnetic radi-
ation propagating in region is greatest in the absence of
applied stress in the region. Since stress causes the for-
bidden band width of a class B semiconductor to become
greater, the use of the impurity elements permits more
radiation to propogate through when the stress is applied.

Since the band structure of a crystal is markedly dif-
ferent near a surface thereof than in the adjacent bulk
material, application of stress in accordance with this in-
vention in a region near the surface preferentially con-
trols the modulation of radiation propagating through the
surface to a greater extent than if applied farther away in
the bulk material.

In the practice of this invention, attention is often given
to utilizing adjacent regions of both class A and class B
semiconductors (FIGS. 4a and 4b). In this manner, a de-
sired modulation characteristic of optical energy is ob-
tained.

In the practice of this invention for the purpose of
modulating recombination radiation, as illustrated by FIG.
6, it is especially applicable if the recombination radiation
58 results from stimulated emission at junction 55.

Selective application of stress to either the p-type region
52 or the n-type region 54 obtains pulse modulation of the
output radiation 26 (FIG. 1) from semiconductor 5¢. The
application of stress selectively in this circumstance lends
itself readily to the control of digital information being
carried by the output radiation 26.

In view of the band structures of n-type and p-type semi-
conductors illustrated in FIGS. 5@ and 55, respectively, the
source of the highly efficient recombination radiation from
(FIG. 6) a gallium-arsenide, GaAs, semiconductor junc-
tion 55 may be within the forbidden band. In explanation,
recombination transitions may be occurring between a
donor level and an acceptor level. By preferentially dop-
ing the p-type region or n-type region of semiconductor
element 50, donor and acceptor levels are preferentially
established therein. Since gallium-arsenide is a class B
semiconductor, the width of its forbidden band increases
with the application of stress. Therefore, by the preferen-
tial doping of a region thereof through which the recom-
bination radiation is propagating, the amount of absorp-
tion in the absence of the stress is carefully determined.
By the selective application of the stress, a desired modu-
lation of the output optical energy is obtained. Ilustra-
tively, if recombination radiation in gallium-arsenide oc-
curs in junction 55 approximate the p-type side, as result
of electron-hole transitions between donor and acceptor
levels within the forbidden band, then, establishing selec-
tively donor and acceptor levels in a portion of the n-type

10

15

20

25

30

35

40

55

60

65

70

75

8

region which tend to absorb the recombination radiation
permits stress to cause the radiation to propagate out of
the portion. Assume there is uniform donor doping of
silicon, Si, throughout the semiconductor crystal 50 (FIG.
6) and acceptor doping of zinc, Zn, in the p-type region
52 (the zinc having a higher concentration than the silicon
in the p-type region). Then zinc is doped into the stress
field portion of the n-type region 54 in about the same
concentration as the silicon therein to obtain the desired
absorption in the absence of stress.

The practice of this invention with electro-optical tran-
sistor technology will be described with reference to FIG.
8. As described above, the recombination radiaticn 76
emanating from the junction 7¢ causes the generation of
electron-hole pairs at junction 71. By the application of
stress to n-type region 67, the recombination radiation
propagating therein is modulated. It will be readily un-
derstandable to those skilled in the art that the stress S
may be selectively applied to the n-type region 67 in a
manner to modulate the collector current flowing in resis-
tor 74 in accordance with a desired use thereof.

It has been demonstrated that an electro-optical tran-
sistor as presented in FIG. 8 may be obtained if junction
71 is either a heterojunction or a homojunction. As an ex-
ample of a heterojunction in an electro-optical transistor,
the p-type region 66 and n-type region 67 are gallium-
arsenide whereas p-type region 69 is germanium. As an
example of a homojunction, all the regions of the electro-
optical transistor of FIG. 8 are gallium arsenide. By selec-
tively applying the stress S to the region of the junction in
both homojunction and heterojunction electro-optical tran-
sistors, in accordance with the technology of FIG. 8, de-
sirable modulation of the collector current is obtained.

It is sometimes desirable to dope the immediate environ-
ment of a junction like junction 71 in a manner to cause
a built-in field to separate electron-hole pairs generated by
absorption of photons thereat. In this manner, stress ap-
plied to the junction operates more efficiently in modulat-
ing the output radiation.

FIGS. 9 and 10 illustrate two techniques for applying
stress to a semiconductor element 18. In FIG. 9, modu-
lated acoustic energy is applied to one surface of the
semiconductor element 10 which is supported by support
means 79.

In FIG. 10, the fulcrum 84 and 86 support semicon-
ductor element 10 on one surface thereof while the stress
S applied to another surface causes a bending stress there-
in. It will be clear to those skilled in the art that various
types of stress can be preferentially established in semi-
conductor elements in accordance with the practice of this
invention. Illustratively, tension, compression and torsion
stresses may be utilized either singly or in concert.

With reference to FIGS. 2, 6 and 7, the practice of this
invention with respect to controlling the stimulated emis-
sion at a p-n junction will be described. As the energy of
the stimulated emission is related to the width W of the
forbidden band, if the radiating junction is selectively
stressed elastically, the energy intensity of the resultant
recombination radiation from stimulated emission is
altered. In the circumstance of a class A semiconductor,
stress applied to such a junction causes the recombination
radiation resultant from stimulated emission to have a
longer wave-length. In the circumstance of a class B semi-
conductor, the application of stress fo such a radiating
junction has the effect of shortening the wave-length of the
resultant recombination radiation from stimulated emis-
sion.

While the invention has been particularly shown and
described with reference to preferred embodiments there-
of, it will be understood by those skilled in the art that
the foregoing and other changes in form and details may
be made therein without departing from the spirit and
scope of the invention.

What is claimed is:

1. Apparatus for modulating electromagnetic radiation
having:

_}
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a semiconductor element therein with a surface recep-
tive of such radiation, and

means for selectively stressing elastically a region of
said semiconductor element to vary the energy gap
thereof to modulate said radiation propagating in said
region.

2. Apparatus for modulating electromagnetic radiation

having

a semiconductor element therein with a p-n junction,

potential means for causing recombination radiation at
said junction,

and stress means for applying stress selectively and
elastically to a region of said semiconductor element
through which said radiation is propagating to vary
the energy gap thereof to modulate said radiation.

3. An acoustic energy to optical energy transducer
having:

a semiconductor element with a region through which

said optical energy is propagating,

and means for stressing said region selectively and
elastically in accordance with said acoustic energy to
vary the energy gap thereof to modulate said optical
energy.

4. Apparatus for modulating electromagnetic radiation

comprising:

a semiconductor region in which said radiation is propa-
gating;

means for maintaining the temperature of said region
substantially constant; and

means for stressing said region selectively and elastically
to vary the energy gap thereof to modulate said
radiation propagating from said region.

5. Apparatus for modulating electromagnetic radiation
propagating through a region of a semiconductor com-
prising:

a semiconductor element having electromagnetic radia-
tion propagating through a region thereof, said region
having particular atomic elements therein to cause
selective absorption of said radiation by radiation-
less transitions; and

means for stressing said region of said semiconductor
selectively and elastically to vary the enmergy gap
thereof to modulate said radiation propagating from
said region.

6. Apparatus for modulating electromagnetic recom-
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bination radiation resulting from emission at a p-n junc-
tion in a semiconductor comprising:
a semiconductor having a p-n junction therein from
which recombination radiation is propagating result-
5 ant from emission at said junction; and
means for stressing said semiconductor selectively and
elastically in the region of said junction to vary the
energy gap thereof to modulate said recombination
radiation.
10 7. Apparatos for modulating recombination radiation
emanating from a p-n junction in a semiconductor ele-
ment comprising:

a semiconductor element having said p-n junction; and

means for stressing selectively and elastically a region
in said semiconductor element through which said
radiation is propagating to vary the energy gap
thereof to modulate said radiation.

8. Apparatus for modulating the collector current of an

electro-optical device having:

an electro-optical device including a collector junction
therein to which radiation is applied; and

means for applying stress selectively and elastically to
a region in said device through which said radiaton
is propagating to said junction to vary the energy gap
of said region to modulate said collector current of
said electro-optical device by modulation of said
radiation.

9. Apparatus for enhancing electron-hole pair separa-

tion in a semiconductor element comprising:

a semiconductor element with a p-n junction therein
having electron-hole pair separation generated by
absorption of photens thereat; and

means for stressing selectively and elastically said p-n
junction to vary the energy gap thereof to enhance
said electron-hole pair separation.

10. Apparatus as set forth in claim 7 wherein said

radiation is modulated in amplitude.
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